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AN AUTOMATIC CLASSIFICATION SYSTEM FOR PUBLICATIONS,

LIBRARIFS AND DOCUMENTATION®

by

Martin Scheele, Schlit{z/Hessen

I. INTRCDUCTION i i

1. Statesent of the Problew

It is the task of decurentaiion to handle a more rapidly
produced and ever iacresasing volume of written materials. In
this respect, scientific periodicals are in the foregotmd of our
interest. The magnitude of the task and the volume of literary
material force us to rationalize by using mcdern methods. The
Gcumentation problem itself is multifaceted and, therefore, cannct
be solved in one operaticn or on one level. He must, rather,
difforentiate batween various stages f documentaticn, beginning
with the simple processing of the titles oY pubiications, extending
tivough the citing of key words and references zil the way to the
avaluatior: of concrete Jdata arnd values. Therefcro., before using
any modern methods, we musi ask at what stage oxX dvcumentation
the best rationalization effect can dbe obtaired, ard which <pecific
method promises the most favorable relationmiip bstween eyperditureg
and profit.

A thorough analysis of this gquestion led to the conclusion
that the automation of documentation is best begua at the first,
bibliographic level of pure titl2 processing, snd according to fe 2
experience, it is most rational to use punched tape techniques in
combination with electronic computers.

*Dedicaiz’ with gratitude to the wewmory of my ol4 friend, Grad.

Bng. ¥illi Heimerdinger, who died on 6 March 1964,
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The description of such a system is the subject of this paper.
My main objective is to familiarize the reader with the basic
thought processes and work sequences of our system. Details are
only discussed if they ave indispensable for the understanding
of the whole. Otherwise I have made every effort to leave out
all specifics and complications, particularly since it is necessary
to save space,

The described method was developed In the Documentation Center
for Biology in Schlitz/Hessen. The programming for the electronic
computers was planned and carried out by Mr. Gerhardt Natalis, I
would like to take this opportunity to thank him for his work and
point out that his accomplishment can only be truly appreciated to
its full extent by a programming cxpert. 1IPM Germany generously
supplied us with the electronic equipment necessary to test the
system, and we express our particular gratitude to the firm and
all the gentlemen concerned. We thank the men and women of the
Hollerith Department of the Max-Planck Society for deing the punch
card work. This paper is dedicated to the Society's deceased
director, Grad., Eng., Willi Heimerdinger. Our special thanks goes
to the two gentlemen and institutes which made onr work initially
possible: Prof. Dr. Reinhold von Sengbusch and the Max-Planck
Institute for Plant Cultivatior‘n [Max-Planck~Institut fir Kultur-
prlanzenz\'l'chtung], with which our documentation center is connected,
as well as Dr. Martin Cremer and the Institute of Documentation,
which has financed our work since 1 January 1962,

2. Definition of Technical Terms Used'

Terminology principle. We distinguish two principles for in-

formation retrieval methods. VWhen applying the document principle,
one data carrier (index card, punched card, magnetic tape section),
1. Terxs, which are asmumed to be generally known, as vell as terms

which are explained within the text, are not dcefined here.
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containing all of the terms occurring in the respective document, pe. 3
is used for each individual decument. ¥hen applying the terminology
principle, it is the other way arsund. In this instance, a data
carrier is set up for cach individual term, and the numbers of

all documents which contain the respective terms are listed on

the data carrier.

Current Contents. This is a literary service published in the

United States, which gives the table of contents of certain groups
of periodicals, even before their current issue s published, list-
ing authors, article headings and addresses of the authors.

KWIC Index. This is a system developed by H. P. Luhxn (USA),
Its expanded name is Keyword-In-Context Indexing (or Index), and
it aiphabetically sorts (keywords) by machine public ion titles
according to keywords contained therein and lists them in con-~
text with the titles.

Machine punch cards. 2unch cards wiich are processed by

machine. The cards are processed by wmachines individually (one
after the other). They are nct puisched before their use.

MNeed)e punch cards. These are punch cards which are processed

mainly manually with needles or needle instruments. A number
of cards can be processed simultaneously. They are already punched
before use.

ﬁ"j;‘.t,_i_?ﬂ- Any type of designation or symbolic representation,
whereby olher symbols take thz place of the original words.

Topic tag. The shortest possible linguistic expression for
the contents of a publication or the contents of a part thereof.
The topit tag, therefore, refers basically to the contents of a
publication. This distinguishes it from a key woird, which is taken
from the title of the publication in cuestion.

Science Citation Index. A method developed in the United

States, where bibliographic information about publications is the

focal point of the documentation process. Proceeding from a specific
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work and its auvthor, a determination can be made, in particular, pe @
. : 4 " as to which subsequent authors have cited this work in their
3 ‘ I
S publications.

Thesaurus, Any vocabulary wherein words are grouped accord-

! ing to related meanings,

RN . 3. The Basis for Qur System

: Why only titles?

Ne o

_, 8 . The limitation of our system to publication titles constitutes
the major objection raised hy critics. However, this criticism
can be wmet by various important arguments, which justify our systes.

s 3

First of all, titles are generally better than is assumed by

widespread prejudicial opinion. A thorough examination of bio-
: logical articles was conducted in the United States, according to
o3 which from 50 to 70% of the titles render the essential content
of the articles in topical form.

The rapid expansion and popularity of the American KWIC
Indexing method and the '"'"Current Contents! Service proves that

titles alone are of considerable use to the suvscifibeis. 2Zcoth

'Y

projects are based exclusively on the analysis of tifles, and it

is of interest to note that they have contributed to an improved

\

rendering of titles by authors.
! Let us now consider the necessary expenditures for purposes
| of comparison. A tenfold increase in personnel and an approximately
twentyroid increase in persomnel fund expenditure would be neces-
sa.i'y for contents analysis by key phrases or abstracts, taking
i our extensive automation into consideration, as compared to pro-

' - cessing titles alone. This increased fund expenditure is caused

by the fact that contents analysis by key phrases or abstract.s can
neither be carried out autowatically nor can it be done by

assistants. Experts are needed for this type of worl, and ‘they

cost more money.

ot e b s mava e e e e
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Thz use ol experts causes additional problems. One of Ps 5
these problems is the well-known personnel shortage, which
afiects ducumentation to a greater extent, because the scien-
tists in question initially take up research or enter other
professions. In addition, it is difficult to coordinate a
larger number of reviewers in such a way that a working method
is achieved which is as uniform as possible.

Finally, there is a technical-organizational factor, which
causes limitation to titles appear in a particularly rational
light. Each documentation method necessitates taking over
specific information concerning the various publications by copy-
ing from the original literature, whether it concerns simple card
indexes, needle punch cards, machine punch cards, or electronic
installations. This is the only way to establish a documentation
service. Moreover, all documentation stages, from pure title
processing up to evaluation of data and values, must be based on
a common minimum selection of such information. Author, title,
periodical, volume, year of publication and pages, as well as in
som2 circumstances additional informatiua about number of
literature references, figures and tables, etc., are classed among
these important. data concerning articles from periodicals, with
which we are mainly concerned here. Since all this information,
of which the title is a part, has to be copied anyway for each
publication, # method, which works exclusively with this information
and which is based on the process of simply copying from the original
material, offers the most favorable solution. At the same time,
orie must provide for leaving the way open to the higher documentation
stages and no changes in \he system become necessary if additional
desiderata are forthcoming at a later time.

Why punch tape typewriters?

The punch tape technique offers a method which permits us to

store a taxt, which has to be written anvway, during the actual
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vwriting process for any desired type of further prccessing. This

is done with punch tape typewriters. They work like normal electric p. 6

.3 typewriters and at the same time punch all written symbols in a

paper tape in accordance with a special code. This punch tape

represents the memory. All information punched on this tape zan

. be reproduced by machine at any time, and can be transferred by means
of a punch tape typewriter reader onto normal index cards or needle
puich cards as many times as desired, or it can be transferred to
machine punch cards or magnetic tapes by using special converting

. s machines. Thus, any desired, subsequently processing documentation
system can be accommodated. The punch tape typewriter makes it

pousible to perform the entire process of indexing information

us:ing assistants, who only have to copy all the informational data
E. mentioned above. A good production output can be achieved by f
‘ ‘ rational organization of the work. A group of four typists can,
based on our experience, take down and correct an average of
100,000 bibliographic units a year with one punch tape typewriter
X operating several shifts a day, taking into consideratiecn vacations
and other normal absences.

¥hy electronic computers?

Electronic computers are the most technically advanced systems
v B which have been used to date for documentation purposes. They
aione enable us to completely automate all bibliographic work, to
the extent that it is based exclusively on the evaluation of re-

corded titles and other information mentioned, and to make

exhaustive use of the stored material in every respect possible.

The most difficult partial task within the framework of such

P I P 2

total automation is the development of an automatic classification
of publication titles. However, after this problem is solved, the p. 7
} electronic machines can relieve man of having to compile title °

bibliographies and search through titles for specific subjects.
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It is difficult to estimate how much outlay could be saved
thereby, because to date incalculahle double and multiple work is
bei:; one in this respect. Innumerable librarians, documentation
specialists and scientists scrutinize the same literary material
independently of one another, in order to compile bibliographies
or find specific works. On the other hand, we record all original
publications from all pertinent periodicals only once, and then let
the machines do all other work automatically. It must be also
taken into consideration that the nrint-out of the desired in-
formation follows automatically at a high speed and completely
error-free, and can be repeated as many times as desired, so that
savings result in this respect also.

Modern installations can also solve a number of problems, of
which we will mention only a few at this point: compilation of
annual publication lists {or lists extending over several years)
of individual periodicals; compilation of alphabetical and
systematic indexes; compilation of catalogs for libraries, in-~
stitutes and individual scientists; compilation of systematic
vocabularies (thesauri); general literary research with inherent
possibilities for detemmining gaps in research, classifying
periodicals and investigating . he development of scientific

documentation in general.

I11. THE CLASSIFICATION SYSTEM
Automatic classification and, as a prerequisite therefor, a
suitable classification system constitute the focal point of our
entire system. Work on it has been going on since 1952.

1. General System Types

e s

il

-

NPT

i)

There are two major types of classification systems: hierarchical

systems and basic term systems, which can be combined arbitrarily.
a) Hierarchical systems are strictly classified in a step

sequence of categories. They start with a very general, and end

with a very specific term. Their logically unobjectionable application
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is given only if a certain number of subjects are classified
according to a continuous and standard point of view (basis for

classification). One example is the phylogenetic system of

organisms. Here, the natural relationship is used as the basis

for classification.

b) Basic term systems, which can be combined arbitrarily, fore-

ge hierarchical classification. They are based on the concept

that category steps can be exchanged, particularly when classifying
characteristics, so that each term can be arbitrarily used as a
broader or narrower term. Let us mention the terms 'blood" and
"temperature" as an example. '"Blood" can be the broader term for

all its characteristics, as for instance "temperature," 'color,"

and "“viscosity." But ''temperature® can just as well be used as

; a broader term fo. its occurrence in the form of "blood temperature,"

; "body temperature,’” "water temperature," "soil temperature,"

I etc. Basic term systems, consisting of terms which can be arbi-

’ trarily combined, have found repeated application in documentation
l i recently. The) are used to take the numerous relationships between
; terms into account to the maximum possible extent.
j c) Both systems have their specific advantages and disadvan-
i tages. The disadvantage of the hierarchical system consists
L : mainly in its inflexibility, and the fact that when using it for
characteristics, the same terms are repeated at various points

in the system. For exsmple, the term "temperature" appears 44 times

A

in the inte:national Universal Decimal Classification Systea (UDC).

The disadvantage of terms which can be arbitrarily combined lies
mainiy in the fact that broader terms are lacking, since a minimum p. 9
of hierarchy is indispensable for the formation of term groupings.

2. Oown System

; He have taken the following course in our system of natural

sciences, wherein emphasis is on the field of biolegy:
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a) subjects and characteristics are strictly separated.
Chemical compounds and organisms are clacsified as subjects, All
other terms are taken as characteristics;

b) pure hierarchical systems are used for the subje.ts. We
developed a mixed system for the characteristics, which combines
the advantages of both classification principles (hierarchy and
arbitrary basic term) and avoids their disadvantages;

c) the basis for classification of chemical compounds is
the type and number of atoms present in the compounds. Expressed
another way, the compounds are categorized in accordarice with
their gross formula, which at the same time is used as the notation.
It is structured as follows: Z0 stands at the beginning as a
standard symbol for all chemical compounds. These symbols were
selected because Z do2s not occur at the beginning of any other
notation and the numeral O separates this letter {Z] from the
subsequent element symbols. Then follows the gross formula,
where the indices appear as normal numerals. In addition, atoms
occurring only once were given the numeral 1. For example, sodium

sulfate (Na Jg) receives the notation ZONA251°4'

&
2

Such regulation is necessary in order to avoid errors during
machine processing ancé print-out. The machine receives the command
to consider the one or two letters which stand between numerals,
as element symbols, while the numerals itself reflect the number
of respective atoms. Siace these notations can only be printed in
capital letters, the machine would not be able to differentiate
between the symbol for zinc (Sn) and the symbols for sulfur (S)
and nitrogen (N), without the use of the numeral 1, for example;

d) the phylogenetic relationship is use” as the basis for
classification for the organisms. The natural or phylogenetic
system of organisms, which has this classification basis, has
two serious disadvantages as compared to the chemical compounds

system. Farst of all, no fixed and generally acknowledged system
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exists, because the phylogenetic relationship cannot be deter-
mined directly and clearly, as is generally the case for the
structure of chemical compounds. The natural relationship must
rather be found indirectly through biological research. This
results in numerous distinct opinions about the correct classi-
fication of organisms, and in addition, the system changes with
the progress made in science. Second, there is no notation
system for the organisms which is even approximately equal to
chemical formula expressions and which reflects the relationships
throughout all category steps.

We had to eliminate both disadvantages, because a fixed
classification system, as well as a suitable rendering of the
notations was necessary for documentation and particularly for
our method.

We therefore decided on a classification system which
followed the best known and most thoroughly systematic works
and digests, but which took into account only the most common
category steps. We developed a notation system composed of
numbers and letters for this purpose, the notations of which re-
flect the entire relationship of the individual organism groups;

@) the characteristics system contains four groups of systems
having 10 individual systems each. There are, therefore, a total
of 40 individual systems. The notation system in question con-
sists of four~digit notationa. The first digit indicates the
system group and the second digit indicates the individual system.
The third and fourth digit are used for individual basic terms.

Thus, we have a classification with four gradations. This
is the minimum hierarchy, which has been tested by us and found

satisfactory for a usable system.
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3 Category Notation Place Symbol
- Division first place letter
’
} Class second place number
i
; Order third place letter
i
: Family fourth and fifth numbers
! place
] Genus sixth and seventh nusbers
place
Species eighth and ninth numbers
place

Example: House dog {Canis familiaris)

: " Notation R9HD10102
é o , Chordata: R
:} ot Mammalia: R9
; ; ' Carnivora: R9H
g 2 Canidae:  R9HO1
1_, . ! Canis: R9HO101
’ '. 'e House dog: R9{H0101C2
3 T Each basic term appears only once in the 3ystem. All tasic
--': . terms can be freely combined \{ith each other and with the terus
: T3 of the subject systems. Pertinieat broader terms appear automatic-
" ) -':‘ ’ ally in connection with each combinatic:: of basic terus because nf
," ‘639' the rogr-gradation hierarchy. This result.s in an optimsum supply
| ;J-E :'z": of information.
' E; The fallowing is a survey over the system groups and inuividual
: 4.‘ : systexs cf the overall system:
: W 0 Mpjor categories
f: . > D Characteristics varrier® 06 Organizatioral steps
: gl“_", ‘: 01 Overal® scientific classificilion 07 vellular compirenis
| i T';‘ .“ ' 02 Vethods 8 Classification of in3 sutire
\ f .‘93 ‘.: organisw
".‘ .".' ' S ——— S
é "’, ® Tragxlatart's Note: The word appears in the 2ext as "Somzphoront,”
* s o
:;-';. i A 13 Tuscher on in e Taxt wefined as "Me—l‘halstravcsr, " x
i'.:‘ . ‘ characteristics carcier.,
NN
H
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05

10
11
1z
13
14

15

i6

23

31
32

33

~12-

Generation
General broader termsa
Individual scientific fields

1 Basic scientific
General basic terms
Magnitudes
Rhythms
Medium and condition
Mechanical factors
Znergy factors

Chewical factors

e e —— a3 S M o

09 Various functional terms
categories

17 Major groups in cyclic system
18 Sub-groups in cyclic system
1¢ Organic-chemical factors

2 Individual categeries of idicbiology

Nerrous system
Digeative system
Urogenital system
Attack and protective srstem
Circulatory system
3 Individual categoties of

Disxccharids: aocial

relationships
Disaccharids: material
Coenocytes: land

(3 i1thospherc)
Coenocytes: air

{atmosphere)
Cuenocytes: watoer

(hiydrosphere)

25
26
27
28

20

Supporting system
Motor system
Sensory system
Respirator. system

Various systems

coenohiology pe 12

25
36
37

38

39

Geography: planet as a whole
Geography: Europe
Geography: America, Arctic,
Antarctic
Geography: Asia, Africa

Substrate

The overal: system is set up \ith particular emphasis on

biology in its widest sense, and on the earth sciences. However,

it also contains basic pl.ysics and chemistry terms, and can be

odiérarily expauded and sxtended o otrer fields in ancerdance with

its general principles.

—— = o—— v i
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111 basic terms, which would Ye cutside the principle of the
four-gradation hierarchy if they arpeared in one of the other
individual systens, are contained in system group O. These terms

are ther>fore compiled in a special system. In other werds, they

are major brosder taims or basic tewms vwhich have a very general

e
e twd o s

meaning. lLet us take as un example the individual systems

.G,

S 2 s 4 e o 185

H
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i
Ycharacteristics carrier,” “nethods,” and "cellular components." ;
&

The developmert ctages, sex, and anomalies, as well as the

systematic units below the specizs, ure ccmpiled under the broader

term "characteristics carrier" {Semaphoront) (Hennig, 1953). The

¢
.

corresperding basic terms of this systen can b2 tak~n as further

.
PRNELADEIAR I

classification of the organisms subject system, as vell as in

s

the sense of broader terms for ali biclegical individual systems

of the otnher system groups. Consequently, th> characteristics

carrier system occupies an intnrwediate position betveen the subject ’

e
.V.- O

syster and the characteristics system.

S et < it esenp i v aris
.
A L an wn A owh

-
Vi

oo

The Invividual sywt-m, "pethcds,"” shora an a particularly

distinet manner tant hera a grasoal, own relnt of view is present,
which can be siguificanily combined witn any other basic {=m of
the other individual systems.
"Cellular componeats," finally, form examples of hasic bic- p. 13
logical terms, which would be repeated in all individual systeas
of group 2 because of their common appearance, it a special
individual system hud not deen created for this purpose within
the framewsrk of the main categories.
System group 1 consists chiefly of the basic terms occurring

iy« physics and chemistry.

The individual organic systems are found in system group 2.
i - . The advantages of the principle of combining basic terms can be
especially wvell demonstrated w th the pertinent terms of this system

group. Let us take as an example the term "sense of light"®

o

- - e
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(nstation 2730}. This term, as all tke other busic terms, is to
be understood in its mnst general meaning, standing alone ammag
the: terms, ad it were. It obtains concrete mesning onl, by a
combination \;iﬁh baric t~rms; particulerly of aysites gruur u; iet
us izlastraté this with the following examples:
2730 + 0601 (excreta): lacrimal fluid
. 2730 + V6RO (CeFl): virual cell

2730 + Ou22 (tlissue): eye tizzuc

2730 + 363N {organ): eye
2730 + 0640 (cntire organism): eyesight
or

2730 + 0630 + 0521 {(morphvlogy): eve structure
2726 + 0339 + 0532 (developwental physiology): eye growth
2730 + 063G + 0533 (genm=tics): eye hersdity
273G + 0630 + 0542 (evoiutionary physiolcgy): eye mutation
iﬁe combinatiun of few, well-founded and well-defined basiz

_ terms from few individual systems results in z muititude of concrete

{ﬁmm, as is illustrated in the above ¢xamples, which in order to

savwe space are incomplece here. Taking icto consideration in

{
:
<
1
-
4

£C35ti00 TH2 numerous Gynomymr, it ic then uuderstandsble that we - N

were able to Clearly dexine the words and tecmn oY L3¢ Gharasieristiza

system {approximately 50,000}, which havl appeared during tha pra~
- cessing of approximztely 40,000 tiles, by combining only about
2,006 basic terms.
System group X consists of individual categoriescf the field
of ceoenobiology. Whila idioltiology (system group 2; conccras itself p. 14
with individual organisms, ail those relaticnships are compiled
under coenobiology, wi.ere individuanl srganisms occur as subgroup

of a higher calegory. These higher categazries consist eitber of

individual organisas {for example, paragitic or sexual relasion- .

ships) or of organiexic and non-oiganismic subgronpr. This latter

L
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is valid for coenocytes, which are defined here as a unit of
1.ving space (non-organismic) and living community {(organismic}.
The geographic basic terms are used accordingly. Therefore, all
terms from the earth sciences (geograpiy, geology) can be expressed

by our system,

I11. THE SYSTEM
The system can be divided into three sections, which follow
one another during the sequence of operations: indexing of biblio-
graphic unit - including transfer to magnetic tame; automatic
clagsification including all operations necessary for it; the
prucessing, which varies according to the purpose for which the
information is needed, and output of the material.

1. Indexing and Transfer

a) Procedure for periodicals: recording the title and other
bibliographic datz of all original publications of as many
periodicals as possible with punch tape typewriters. A fixed
model is needed for this purpose as for all machine work. This
wode! has a category number for every information category, and a
lire number within every category for each indexed line, so that
a two--¢igit number stands in'front of each printed line. (See the
example in Chapter I1I/2/e). Individual categories are divided
az follows:

Category O: publication number

It contains first of all a five~digit numter for the periodical
witn a capital letter added as prefix. The letter is used for
the classification of the pe-icdical according to its technical
field. In other respects, all periodicals are numbered consecutive-
1y without special sequance. Next follow three digits which are
used for stating the volume of the periodical. A last three-digit
or four~cijii rumber designates consecuiively each individual
articae withi; vnlume and periodical. - A completely clear desig-
nation of ea~h work is obtained with these publication numbers as a

result.
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Category 1: intended for corporative author (institution).

Category 2: author,

Category 3: original source.

In this case, the volume number stands before a parenthesis,
in parenthesis is the year of publication, and after the
parenthesis the beginning and final page of the article. The
name of the periodical does not have to be recorded in this
category, when indexing the bibliography, with which are are con-
cerned at this point. The machine stores all names of periodicals
separately under their periodical numbers (see category 0) and
prints them automatically in front of the volume number during
print-out of the bibliographic data.

Category 4: notation of supplements and other.

The following belong to this category: number of bibliographic
quotations, figures and tables, as well as language of the
article, and existence and language of abstract in another language.
In additicn, the machine computes from beginning and ending page
(see category 3) the size of the article for print-out and prints
this information as the first number in front of the other in-
formation.

Category 5: intended for secondary sources {references in

a publication of references).

Category 6: title (with subtitle) and translation of title,
if needed.

Category 7: topic tags or abstracts.

Category 8: intended for the Science Citation Index system.

Category 9: available for supplementary remarks.

All this information is typed onto a DIN* A6 index card p. 16
for each publication. Jndex card-continuous forms are used in

order to avoid as much as possible having to insert the cards

* DIN - German industrial norm.
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into the typewriter and taking them out again. A tape is punched
simultaneously as the cards being typed. The index cards are
used for control purposes later on.

b) Transfer of the information from the punch tape to magnetic
tapes using the I3M 1401 computer and the IBM 1011 sensor
connected to it. The print-out of lists of corrections to the
indexed material using the IBM 1403 printer.

c) Correction of errors made during input and transfer of
data.

2. Automatic Classification

a) ketrieval and counting of words appearing in the titles
(data category 6) of the publications with the IBM 1401. Consoli~
dation and output of words in the form of punched vocabulary cards.

A vocabulary list stating frequencies and where word was found
(word frequency list) is put out at the same time.

b) Classification of the words listed on the vocabulary cards
and handwritten entires of appropriate notatione on these vocabulary
cards. -

The classification work at this peint in the work sequence
has to be carried out cniy once for cach word by the human processor.
The more words and corresponding notations the computer Las stored
in its internal vocabulary, the less is the number of added words.
Some day a stage should be reached, where only werds, which are
newly introduced into science will be added.

The wcrds are initially divided into seven different pe 17

vocabulary categories:

expletives (1) name of species (2)
chemical compounds (3) name of organisms (&)
terms (5) nomenclature/term (G)

first names (7)
All those words, which do not have any informational value,
are categorized as expletives. (Examples: the, and, or,

investigations, results).
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The nawme of species, belonging ti biological nomenclature,
/:Aa‘r‘e compiled in a separate vocabulary category. This is neces-
cary because fc;r one the names of species are isolated words,
j‘ust as all other words, and for the other clearly designate the
t{pe of organi; in question only in combination with the pertinent
generic name. The special molution of the probliom resulting
therefrom will be described in the section concerning output
{examples: palustris, Hustedti).

Vocabulary category 3 contains all chemical compounds which
can be given for a gross formula (example: sodium hydroxide,
barbituric acid).

All sientific designations ard all trivial rames fer organisms
of all categories from division to genus, as well as trivial
names of species, are included in the category of organism names

(example: pilants, birds, Marchantiaceae, Drosophila, decadly night-

shade) .

All words in the characteristics system are grouped under
terms (oxamples: albino, immunity, gravitational effect, stomach
nerves, Centrai America).

In vocabulary category 6, we find all designations made up
of organism names and characteristic terms, and 11 other words
in which organisms and characteristics notations occur together
(example: bacteria cell walls, amphibian ova, blossom colors).

A special vocabulary category was created for the first names
of persons, which will not be considered further in the following
description. It became evident that the articles in question con-
cerned, for the most part, obituary or cther biographical articies
whenever thcse wordz appeared in the titles of publications
{example of title: Karl Lueders, 70 Years Old).

Expletives {(WB [vocabulary categoryl] 1) and names of species
{WR 2) receive the vocabulary category only, and do not have any

notations. Chemical compounds (WB 3), names of organisss (WB &)

L ovpwns—
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and combination words (WB 6) are classified according to the subject

system in guestion and tagged with the ccrresponding notation.

Terms (WB 5 and combination words WB 6} are classified in

accordance with the principle of definition. The meaning of p. 18 3
the word is expressed by combining the notations of basic terms :
present in the characteristics system, with a notation from the

subject system added, if needed. For example, the word 'pollen"

can be defined as "male (notation 0092) germ cells (notation 00COD)

of gymnosperms (notation G) and angiosperms (notation H)," and re-

presented by the appropriate notations. é
H

All synonymous words in the same language and corresponding

words of other languages receive the same notations.

Furthermore, each word receives a language symbtol, so that

[NV

later on all words of the same language can be collated by machine.

YR

A polyglot vocabulary can be obtained in this manner.
¢} Punching the vocabulary category, the language symbol

and the notations on the vocabulary cards. The vocabulary cards

bk enend T A L s WA e o

are subsequantly fed back into the electronic computer. A thesaurus

. is created on the magnetic tape in this manner, which can be

a4 -

“

continuously supplemented vith new words and words wnich are not

yet recorded on the tape.

Nramart 03

n} Internal machine verification and sorting processes.

aveb s

Print-outs of alphabetical and systematical vocabulary lists
(thesauri). Additicnal proofing and correcting processes.

e) Basically, two "clean" magnetic tapes are availabie after
all verification and correcting work is finished. One tape con-
tains the input of biblicgraphic units with all pertinent data, and

one tape the thesaurus (words and notations). The computer carries

(gisud S S SRAA AN Krartt $4 an wonp L b2

out the automztic claseification with these two tapes and by using
a few additional internal magnetic tapes. In accordance with the
terminology principle, it simultancously constructs two registers

which serve to accelerate interroyation.
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By way of example, we will show three bibliographic units, p. 19
as well as a retrieval sample from the alphabetically structured

thesaurus, in order to illustrate the work sequence in a

simplified, easily understandable manner.

Bibliographic units

The input model is explained in detail in Chapter I11/1/a.

Mumbers in parantheses after each word are word numjers and only
serve explanatory purposes.
00 A00011-046-021
20 Mutschler, Albert
46(1954) p. 364-418
0-3-1-Germ.~Engl., Russ.
Mass occurrence (1) of(2) larvae(3) of(4) Eristalis(5)

tenax(6) in(7) waste water(8).

B00104-085-006

Steiniger, Otto Bellberg, Karl-Heinz

85(1936) p. 12-29

15-0~2-Germ.-0
The(1) change(2) in(3) leaf size{4) and(5) color of blossoms(6)
of frequently{7) cultivated(8) flowering plants(9) after (10)

fertilizing(11) with(12) waste water{13) containing phenol(34).

A00117~008-019
Koester-Uhlig, Heiurich, von
8(1959) p. 14-33
31-0-3~Germ.-0

The(l) =size(2) of(3) chromosomes(L) of(5) Diptera(€).
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Thesaurus extract

Word Vocabulary Language Notations
category symbol

Waste water 5 i3 1311
Change 5 B 0420 1019
Cultivated 5 B 0220
Leaf size 5 B 0020 2950
Color of blossom 6 B H 1530 2270
Flowering plants 4 B G H
Chromosomes 5 A 0790
The 1 B -
The 1 B -
Diptera 4 A O9L
Fertilization 5 B 0226
Eristalis 4 A 09L2109
Size 5 B 1120
Frequent 1 B -
In 1 B -
Larvae S B oo3e
Mass occurrence S B 1115
Aith 1 B -
After 1 B -
Containing phenol 3 X ZOC6H601
tenax 2 A -
And 1 B -
or 1 B -

The comruter provides all words in data category 6 (titles]

of each bibliographic unit with a consecutively running number

during the first work sequence (in our 2xample, the number is

after each word in parentheses).

The machine then compares these

words wiith the thesaurus and agsiuns to each thesaurus word the

p. 20
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publication numbers (data category 0) of all bibliographic units,
where the word occurs in the titlo.. The consecutively rumning
word numbers are added to these publication numbers at the same
time. Finally, two magnetic tape registers - a word register
and a notation register ~ are generated on the b.-is‘of this

intermediate internal computer stage.

The word register no longer contains the expletives (vocabulary

category 1), since they were eliminated by the computer. The
word register is arranged alphabeticalily and consists of all
declarative words with corresponding publication and word numbers.

Vocabulary category 2 (names of species) is eliminated in
the notation register, because notations are not needed for this
category., The notation register is sorted according to notations
and thereby takes on the characteristics of a systematic reqister
as compared to the alphabetical word register. Corresponding
publications and word numbers are apgain listed with the individual
notations. The automatic classification process is finished with
the generation of the notation register.

The advantages of this mothod are clearly evident. The
automatic classification is done more than a thousand times faster
than it could be accomplished by man, and in addition. operates
in a completely uniform and error-free manner. Moreover, all
publication numbers on one subject are already in one group
(terminology principlel) so that the machine does not have to
search through ail the stored bibliographic material for the in-
quiry operations, which will be described later,

3. Processing and Print-Out

Computer processing of bibliographic material for the various
kinds of evaluation and output, some of which we have listed at
the beginning of this article. Subsequent machine retrieval of
digests, lists or any of the index cards in accordance with the

purpose for which they will be used.

Pe
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- We will describe the evaluation and pr,int-otit process for

documentation ifquiries as & final example. For t.‘linszurpose,
it is best to look at our entire systen from the standpoipt of
the user., After all, contact with the user is of primary sig-
nificance, since it is the task of docamentation to be of service.
Subsequently, we will list son.e principlies which are of importance
to users of documentation and then cite some inquiry examples.

a) Basically, the user should be completely free in
formulating his inquiries and should not be obligated to keep to
any pattern. It is the task of the docusmentation centers to
rephrase the user’'c inquiries for the computer. Personal coopera-
tion bylween uder and derumentatiorn ceter is recommended for
difficalt or vague inquiries. -

b) The compute: can Jusver .all gCestions relating to dota
stored for each bibliographiz unit and any of their combnstions,
which isas boen describad in detail in Chapter I31/1/a. An extrems

example, which will hardly come up in practice, would be the

question, "Ail pudblications by G. Kuntze from the Gemetics periosdical

covering the years 1950 tu 1960 concerning the heredity of eye
color in man, with less than 20 pages, morz than 10 bibliographic
data, 5 figures and 5 tables, in German, with un abstract in
Enzlish.” ~ It is more efficient for a rational utilizatidn of
the computer to process several hundred ingquiries aimultaneously.
c) According to the results of an inguiry test, which was
carried out hy us and answered by more than 350 future vsers, our
systua will have to fulfill two m‘—ar tasks within the framework
of documentation inquiries: furnishing by subscription, abeut
onte a month, o1l publications of the recorded periodicals per™
taisning to a specific subject; and repiying to single inquiries

on the basis of all stored bibliographic material.
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d) Inquiries by subscribers are usually concerned with the
particular direction of work the inquiring institute or scientist
is taking. Examples for such inquiries, taken arbitrarily from
the inquiry test, are: "Salmonella biology," or "Animal cell
differentiation,” ¢. "Everything concerning the Centaurium genus,”
or "Human ethnology," or Nucleoles in plants and animals,” or
"Electronic microscopy in biology and medicine.” All these cases
indicate that one wants to stay informed about one's own field.

Our system is arranged in such a way that either more condensed
or more extensive material can be supplied if desired in answer
to subscribers' inquiries, since library experiences have tauv~* .
us that those publications which nr; at the periphery of the
actual research subject, can also be important.

e) The possibilities for single inquiries became crystallized,
in particular, during the development of our system. Since
entire periodicals have been processed, even back volumes, a
determination can be made as to vhether or not earlier publications
dealing with a specific problem are available by directing a single
inquiry to the total volume of our bibliographic store. Thus, .
the entire store of knowledge which has been indexed by us, can
be made available to the user, so far as it is expressed in the
titles of the publications. Such questions could be, for example,
"Where is a method describing the measurement of slit apertures:",

or "Has anybody worked on saliva secretion of Phylloxera Vlltl‘rl-x-

as dependent on changes in daily atmospheric pressure?", or "Are

any investigations concerning type-specific differences in

erythrocyte content of oestradiol-dehydrogenases in mammals

available’”, or "Has the presence of the cabbage moth as a pest

on poppy ever been determined?", or "Has a comparison been made

between the albumin percentage of the tobacco mosaic virus and that

of a temperature mutant?" - Thesc examples stem from our biblio- pP. 2

graphic material. Even if they exist, no standard bibliography
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cr register could supply the answers. The computer, however, _ -

car; accomplish it. Az soon ¢s ore rertinent work has bewn fourd

by the computer, additional information resalis (most of the i:;l-e)

_Yrom its bibliographlc deine

f) In conclusisn, here are some eXamples of compuer repiies
to inquiries. We refer back to Chapter 111/2/e and ‘%e examplea
cited there for this purpose.

Letts assume that a user poses the question: "All work cou~
cermming waste water problexs."” The pertinent notation 1311 is
then put into the electronic system by punch card. The computer
looks in its notation register for the notation in question and
there finds all publication numbess of articles on the subject.
¥ith the aid of these publication numbers, the maciilne retrieves
all appropriate titles and other bibliographic dsta from the
bibliccraphic magnetic lape and prints the data in any sequence
and classiiication desired on lists or iwdex cards-

iotations 6420, 1019 and H, 1539, 2270, ate put into thg_
computer foi an inquiry "calor change in ihe blnssom." At the save
time the computer is told- by special symboly via *he approjriato
punch card, that 7wth Qotation grovos are to 2= takel. 88 & logical
pruuct and that theee rotation groups represent a notation ctain.
The logical prodict signifies that the notations in question must
occur in cewbinatior.. A notation chain is jyresent whemever several
notations belong to one word or term, which are to remzin togethgr
in the specific case and cannot corbine with other nctatidny of
other words of the same title and thur form a Wrong statement.

Then the comfuter uses the word numbers., In our example, it
retrieves the notation for"color of biossom” (H, 1530, 2270} and
<cmpares all publicaticn wumdbers including thear word numbers
lisiid under these notations. The conputer finds ihat only number
BO0104~085-C06~(6) is identical in all three notations. Thiz number
is then compared with the publication nmukbery listed among notations

for the word "chaage™ (0420, 1019), whersby it is found that the
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same number appears there also, We therefore have a paper con-
cerning "change in the color of the blossom” with publication
number RO0104-085-006, which is then printed out accordingly.

The computer searches for notation O9L for an inquiry concern-
ing all articles about Diptera. It not only retrieves all those
articles stored for the notation O9L itself, but all other articles

of all notations starting with O9L, for example the notation for

Eristalis (O9L2109). This example illustrates the fact that all

narrover terms (in our example the families and general of Diptera)
are automatically included in our method of giving notations. p. 24
It would necessitate searching for several hundred or even
thousands of different names in a regular alphabetical register,
which practically no one could accomplish.

An inquiry concerning a specific type of organism, as for
example Eristalis tenax, requires a special procedure, because
the name of the species (E.ﬂ‘.f) has the desired informational value
only in connection with the generic name (Eristalis) (cf. the
description of vocabulary categories). In all such cases, the
computer searches for the genus in the notation register, and
for the species name in the word register., Only trivial names,
as for example, "cockchafer" [a large European beetlel], consist-
ing of only one word, have a notation going as far as the species,
and therefore can also be found in the notation register.

The punch cards, onto which our various inquiries are punched,
are kept, so that an inquiry index is being formed over a period
of time. Incoming new inquiries are first checked to see if they

are already in the index, so that uncessary work can be precluded.

IV. CONCLUDING REMARKS

1. Limitations of the System

It would be unscientific to remain silent about what our

system cannot accomplish and what its limitations are. The

P
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reasons for the limitation to titles of publications have
already been cited in detail above. This ties in with the fact
that it is not pessible to answer inquiries pertaining to the
results of concrete research, such as: '"How many chromosomes does
the sunflower have?", or "How loag are the intestines of a
guinea pig?", or "Which plants have yellow flower petals and bloom
during the first four months of the year?" In order to be able
to do so, it would be necessary to develop the highest decumenta-
tion stage (the decumentation of findings), which calls for
totally different prerequisites. Furthermore, it is in the nature
of things that automatic classification also presents a series of
problems, the del.ailed description of which is not possible here.
These are by and large linguistic problems, similar to those which
confront machine translation. Problems of homonymy and questions
of syntax, for example, belong in this category. We have taken
these things into consideration during the development of our
system to the extent that it was possible to do so in advance.
In addition, practical work and continuous information activity Pe 25
wiil give ux the chance to eliminate shortcomings which still
exist in cooperation with the users. Work or the classification
system will continue at the same time, because the system allows
us to reclas=ify the materiai by machine, if necessary. Despite
the remaining 1imitations, which are conditioned by the structure
of the language, we are of the opinion that we can continue to
help users considerably with our system. While so doing, we must
remember not tc put the cart before the horse, and that 90 or
aven 100% solutions are not possible anyway in the field of
documentation.
2. Outlook

The method has passed its trial test in principle, and tharks
to the efforts of the lnstitute for Decumentation at the Max~

Planck Society in Goettingen an electronic installation is availabie
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oxclusively for documentation purposes, and we hope to be able
to expand the application of the system to all scientific fields
and create a machine~processed "National Bibliography" of
periodical articles published in the German language.

We would then have a broad foundation for the automation
of publications, libraries and documentation, which could handle
all possible applications indicated at this time. At the same
time, it would be desirable to have appropriate classification
research carried out with this material. This is a field which
is steadily gaining in importance on the international level and
which should also gain acceptance at universities.

The "National Bibliography on Magnetic Tape'" should not re-
present any competition to existing documentation centers and for
this reason should not supply direct information to users. This
would require much too large an organization; the organization
already to be found at proven operational documentation centers
is large enough. The best solution, therefore, seems to be that p. 26
each documentation center receive the material which is of import-
ance for that particular center, in reproduced form, from the
National Bibliography Center. The individual centers can then
continue to work with the material in any way they desire.

In the future it may be possible to offer the national
bibliography as a whole - as a magnetic tape duplicate -~ to foreign
countries on an exchange basis, in order to stimulate corresponding
documentation projects in other countries. It could thus come
to pass that there could even be international regulation of
the first documentation stage of indexing and evaluating titles
in the not tuo distant future. Further work could then develop on
the basis of this regulation.

Literature

Only a tew general works, which are connected with the structure

of documentiation in general, or our documentation center in
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particular, are listed here for reasons of space. Persons looking
for specific technical literature are referred to the bibliography
[4] and the periodicals on this subject (in Germany, particularly

the Documentation News).
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